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Lactic acid production
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—5—  40% additional free water, Orpm, control pH (A)
-G = 60% additional free water, Orpm, control pH (B)
-® - 80% additional free water, Orpm, control pH (C)
-BE - 40% additional free water, 150rpm, control pH (D)
60% additional free water, 150rpm, control pH (E)
-[=]- 80% additional free water, 150rpm, control pH (F)

—— 80% additional free water, 80rpm, control pH (M)
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Unit : mg / g initial dried cassava pulp
=O=glucoge ={D=lactic =H=ethanol =S—starch content

_ 180 630
2 160 C 560 3
g g
S 140 490 ¢
= 120 420 E
S 100 3500 o
174}
g 80 280 £
& 60 210 £
g 40 140 =
3 20 70 g
o 0 0 %
0 24 48 72 96 120 144 168
tune (l)
Unit : mg/g initial dried cassava pulp
=@=glucose  =f=lactic =H—ethanol =—S—starch content
_, 180 ¢ 630 =
2 160 ¢ 360 .33
S 140 £ 490 2
s -~ C 49 :’_‘
~ 120 F 420 §
g 100 E 350 2
g 80 f 280 g
& 60 ¢ 240 25
g 40 3 140 ‘é
S 20 ¢ 70 %
o 0B 0
0 24 18 72 96 120 144 168
tune (h)
Unit : mg/g initial dried cassava pulp
—O=glucose =f=lactic =H=ethanol =—S—starch content
_. 180 630
2 160 560 &
= &
= 140 ¢ 190
= 120 420 £
5 100 350 2
s 80 280 %
S 60 210 £
5 10 10 &
7] - i
g 20 A 70 3
=, 0 & 0 =
0 24 48 72 96 120 144 168
tune (h)
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Unit: mg/g initial dried cassava plup
—O—glucose  ={lactic =—F=cthanol = =—starch content

starch (glucose equivalent)

glucose, lactic acid. ethanol

0 24 48 72 96 120 144 168
tune (h)
Unit : mg/g initial dried cassava pulp
=Om=allicose ={@=]actic ===B=ethanol ===—starcl content

= 160 ¢ 560

g 140 ¢ 490 =
s 120 G 420
T 100 350 E,
5 BOLE 280 f
S 60 F 210 3
G 40 40 5
S 20 ¢ 70 5§
5 oG8 o 2

0 24 48 72 96 120 144 168

tune (h)
Unit: mg/g initial dried cassava pulp
—O=glucose =fB=lactic =H—=fumaric = =starch content

glucose. lactic acid, fumaric

o

starch ( glucose equivalent)

0 24 48 72 96 120 144 168
time (h)
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Unit: mg/g initial dried cassava pulp
=O=glucose =@=lactic =H=ethanol =—e=—starch content

glucose. lactic acid, ethanol
starch (glucose equivalent)
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Unit : mg/g initial dried cassava pulp
=®—glucose =flactic =B=ethanol =&—starch content

= 100 TS0
g F S ] 5
S 80 F A i 400 J
B 5 ] B
= " F ~ ] =i
3 o0 | S § ] NS
2 3 . = ] S
& ag' b S ] 200 g
__(_:' & = ) ?‘J
% 100 —§
S 5
0 24 48 T 96 . 120 144 168
tune (h)

Unit: mg/g initial dreid cassava pulp
=O—glucose ==lactic =F=ethanol == starch content

_ 100 ) 500 _
) 1 =
S 80 B J 400 32
QL 3 :-1
"é 60 300 g
o L
g 40 L 1 200 §
Z S e
172 a2 s =
::»‘: 0 E = t =t 0 (F:
ol : Iz

0 4 48 e 96 120200 4" 168 :

tune (h)

Unit : mg/g initial dried cassava pulp

=@=glucose —=lactic =o—starch content

300 _

= 3
§s) 400 =2
(<] »
2 2
= 300
2 200 3
3 =
2 - sl
=1 g 100 <
=

=

0. =

0 24 48 79 96 120 144 168
tune (h)
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Unit: mg/g initial cassava dried pulp
—O—glucose —D=lactic =B ethanol

=== tarch content

glucose, lactic acid. ethanol

0 24 48 72 96
tume (h)

starch (glucose equivalent)

L20 144 168

Unit: mg/g initial dried cassava pulp

—@=glucose —{F=]actic ===—cthanol

=S=starch content

500
400

300

starch (glucose equivalent)

120
2 o
g 100
= 80
£ 60
=
S 40 F
o 2 J
2 .
=)
= (
f=11]
0 24 48 72 96 120 144 168
tune (h)
Unit : mg/g initial dried cassava pulp
=@=glucose ~{@=lactic —S=—starch content
120

100
80
G0

glucose, lactic acid

0 24 48 72 96
time (h)

NN 4.10 wuwamam"mm%mnafﬂm NTALANFNLA

starch (glucose equivalent)
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Lactic acid production —— A
250 : ~-€--B
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= =fF«F
=
= -d-=G
R=i
20
a0 -4--H
= —t—1
&
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&
—_——K
—omim I,
tune (h) -
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—5—  40% additional free water, Orpm, control pH (A)
-@=  60% additional free water, Orpm, control pH (B)

80% additional free water, Orpm, control pH (C)

40% additional free water, 150rpm, control pH (D)

60% additional free water, 150rpm, control pH (E)
-[=]-  80% additional free water, 150rpm, control pH (F)
-A - 40% additional free water, Orpm, No control pH (G)
-A=-  60% additional free water, Orpm, No control pH (H)
—A—  80% additional free water, Orpm, No control pH (1)
—&—  40% additional free water, 150rpm, No control pH (J)
—S—  60% additional free water, 150rpm, No control pH (K)
-©—  80% additional free water, 150rpm, No control pH (L)

—¥—  80% additional free water, 80rpm, control pH (M)
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40% add. FW, 0 rpm, control pH 6.0

—S—starch content == alucoamylase —E—alpha-amylase ====pH

600

DP)

s00 F
400 F &
300 f
200 E

744

starch. GluA (mg/e itial

0 24 48 .2 96 120
tune (h)

60% add. FW, 0 rpm, control pH 6.0

—S—starch content =—C— glucoamy lase alpha-amy lage ===

)

100 f : S

P~

144

10
13

6

(B8

168

600 F
S00 F

{
400

starch. GInA (mg'g initial DP
‘o4
o
<

0 24 48 72 96 120 144 168
. hmeh)y i
80% add. FW, 0 rpm, control pH 6.0
—— starch content —G— gducoamylase  —{F— alpha-amylase ==o-- pH
A 600 40
a S e
= 500 & 72
] 30
=400 sz
of; 29
2300 g 20
T 200 15
= ) 4510
100 ‘ T &
E O L i S N \:\ *:T\T‘_:) O
e .
0 24 48 72 96 L2.0) 144 168
time (h)

PH

7 10
1

amylase (U/g initial DP), pH

amyvlase (U’g nitial DP). pH

g initial DP, pH)

amylase (U
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40% add. FW, 150 rpm, control pH 6.0
=—=—starch content === glucoamylase ==t amylase ==0==pH

—~ 560
=9 ) 6 E
8 490 c E
=" 420 =
= 45T Wy
o =)
sh 280 3
= 1 o
s l—j() | 2
= 70 =
o E 2z
s f &" 0 5
B2 ) =

0 24 48 72 96 120 144 168

. tume(h)
== starch content ==& glucoamylase === amylase =<===-pH
560 10

490
420 (B
350 F
280
210

8

6

starch, GluA(mg/g initial DP)
amvlase (U/g initial DP). pH

140 -
—0 =
0 2 0
0 2 48 72 96 120 144 168
tune(h)

80% add. FWV, 150 rpm, control pH 6.0
—&—starch content === glucoamylase === amylase ===<pH
24
21
18
15
12
9
K 6
5 3
0

starch. GluA (ing/g initial DP)
amylase (U/g initial DP), pH

0 24 48 72 96 120 144 168
tune (h)

dl aad ﬁ; a d” o
N 4.13 uassirveserluasuaznglarezluean R, oryzae u@mINluNTITMINULLY
a1mswdasaanInTud1Usndslunnos il Eu i MFuEsy 40 60 uaz 80 wWefidus
ANHITITBUNISIMALY 150 $BUAAUNT ATLANAIAYNNLTIUNTA-ANAMATL 6.0 Nigaunyil 30
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40% add. FW, 0 rpm, No control pH 6.0
—<—starch content —@— glucoamylase —f&—amylase =-~-pH
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40% add. FW, 150 rpm, No control pH 6.0
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Unit : mg/g initial dried cassava pulp
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Unit : mg/¢ initial dried cassava pulp
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[] 80% additional free water, 80rpm, control pH

0.1 g/l yeast extract, 80% additional free water, 80rpm, control pH
B 03 g/l yeast extract, 80% additional free water, 80rpm, control pH
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0.1 g/l urea, 80% additional free water, 80rpm, control pH

0.3 g/l urea, 80% additional free water, 80rpm, control pH

0.5 g/l urea, 80% additional free water, 80rpm, control pH
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0.1 ¢/l urea, 80% add. F\V, 80rpm, control pH 6.0
—&—glucoamylase —@=— amylase ====pH

GluA (mg/g initial DP)
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0.1 g/l YE, 80 add. FW, 80rpm, control pH 6.0
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Lactic acid production

,:j_

fen ¥}

o

"

S -<~=N

=150 !

g 135 o and ®)

g 10( !
)

.= . -

b0 Q

& —=—R

=N

T -EF-3

o

<

"g () .‘ == \ i il 1 L ' L

0 24 48 72 96 120 144 168

tune (h)

cll I8 a a -=II Pl I = '
AINN 4.21 me@auwamammfmamnimmnmn'Lumq:“n‘luuLLa:umsmemm

Tulnsiau

—k— 80% additional free water, 80rpm, control pH (M)
-3 = 0.1 g/l yeast extract, 80% additional free water, 80rpm, control pH  (N)
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-8 - 0.1 g/l urea, 80% additional free water, 80rpm, control pH (Q)
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0.1 g/1YE, 80 add. FW, 80rpm, control pH 6.0
—S—starch content —0= glucoamylase amylase =«==pH
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Unit: mg/g initial dried cassava pulp
—G—glicose =@=lactic =S—ethanol =e—starch content
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Unit : mg/g initial dried cassava pulp
—O=glucose =—EB=lactic —H—ethanol =—=—starchcontent
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Unit : mg/g initial dried cassava pulp
=@=glucose  =f—lactic = =B—ethanol =—&=starch content

>

A 600 420 _
= H =

S WY D
§ 350 =
= 7 D
4 280 2
= &
F . g
< 210 2
g g
i’é 140 =
= 2
S}: A'O Aot
S S
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= = == 0 §
o A

0 24 48 72 96 120 144 168
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Lactic acid production

& 500 . -

; 450 e

’Z 400 E_ —_— M
S 350 F e
2 300 F : SRy
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2 200 E ——W
& 1z e
& 150 e X
2 100 —_——T
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e,
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96 120 144 168

. time (1)

NN 4.27 AAUNAANEANITHARNIALANFINTEY R, oryzae lumsndinuuueamisudedas
nnudendslunie R Bu o didugty 80 wafdus AINITITRUNITIUAEN 80
; - i o ) I P a P P
PAUAAUIN ALANAIA1ITINNTA-ANYIN AL 6.0 NuN 30 asATaldua Tnaiinng

wsunglrazluasuazizaginaidaly

—>k— 80% additional free water, 80rpm, control pH (M)
—=— 3.85 unit glucoamylase / g initial dried cassava pulp (T)
-El- 7.70 unit glucoamylase / g initial dried cassava pulp (U)
45 unit cellulase / g initial dried cassava pulp (V)
—— 92.5 unit cellulose / g initial dried cassava pulp (W)
—©@=- 182.5 unit cellulase / g initial dried cassava pulp (X)

—&&— 3.85 unit glucoamylase / g initial dried cassava pulp + 45 unit cellulase / g initial

dried cassava pulp (Y)

aaa '

nsAnsueniifvenglaesluaauazerluee wudwenidiveesluiaaian
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3.85 unit GluA (per g initial dreid cassava pulp)
—=— starch content —@—glicoamylase —&— amylage =-~=pH
3000

starcl.GluA (mg'g mitial DP)

amylase (U/g initial DP). pH

2 96 120 144
time (h)
7.70 unit GluA (per g initial dried cassava pulp)

—&—starch content =@ glucoamylase =—@—amylase =<=>==pH

__ 6000 34

& E,
a 5000 45 =
= a
g 4000 36 A
e =
53000 27 £
gj g
Z 2000 181 &k
% :
Z 1000 3 9 =
= 0 D0 =
2 0 24 48 72 96 1200 e a6 z
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45 unit cellulase (per g initial dried cassava pulp)

—=—starch content  ==O==glucoamylase =—O—amylase ====pH
500 28
i

starch. GluA (mg/g nutial DP)
amylase (U/ g imtial DP). pH

0 24 48 . 72 96 120 144 168
: tune ()

92.5 unit cellulase (per g initial dried cassava pulp)

—<—tarch content === glucoamy lase amylase ====pH
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E 200 10 o
< 5
) 100 5 @
i A
= 2
R 0 %
i 0 24 48 G 96 120 144 168
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182.5 unit cellulase (per g initial dried cassava pulp)

—S—starch content === glucoomylase =—@==amylase ====pH
300

starch, GluaA (mg/g mitial DP)
amylase (U/g imitial DP). pH

time (h)
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3.85 unit GluA + 43 unit cellulase ¢ per g initial dreid cassavapulp)

—&— starch content glucoamvlaze amylase ==o=-pH
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R. oryzae



g 1g dried sample
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>

DEIREEIOEALEERIIRILIRNIITS
LA AL L RL LD

0 I3 24 36 48 60 T2 S4 96 108 120 132 144 156 168

time (h)

NN 4.31 uaaetBu@anesaee R onzae  lunasusinuuuetwisudadaeninuy
a1dzuaalunas B U i MiFAN g 80 1afidus A uSseUN1TWAne 80 saUse
= 0 [=1 ] ) o a‘ = = = =
uh muauAtAudunsa-Aayiniy 6.0 figuugll 30 asaadualasdiningiy

nglrarluaauazitagaadnly

[] 80% additional free water, 80rpm, control pH (M)
B 3.85unit glucoamylase / g initial dried cassava pulp (T)
7.70 unit glucoamylase / g initial dried cassava pulp (V)
B 45 unit cellulase / g initial dried cassava pulp (V)
92.5 unit cellulose / g initial dried cassava pulp (W)
[©] 182.5 unit cellulase / g initial dried cassava pulp (X)
2] 33.85 unit glucoamylase / g initial dried cassava pulp + 45 unit cellulase / g

initial dried cassava pulp (Y)
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AT 4.32 anwoznsaTALineee R, oryzae Wunnaeiimsdivesluinaluaiisuda
(waruw) Whsuieufunasf lidnsdinesluag (L02819)

A A8 3.85 unit glucoamylase + 45 unit cellulase (per g initial dried cassava pulp), 80%
additional free water, 80 rpm, control pH 6.0

B A2 45 unit cellulase / g initial dried cassava pulp, 80% additional free water, 80 rom,
control pH 6.0

CARO05 g/l urea, 80% additional free water, 80 rpm, control pH 6.0

D A2 80% additional free water, 80 rpm, control pH 6.0





